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1 Introduction
[bookmark: _Hlk505938201]In this contribution, we further discuss the remaining issues on mode-1 resource allocation for NR sidelink and give our preference on mode-1 configured grant scheduling and SL HARQ-ACK feedback.
2 [bookmark: _Hlk31963651]Remaining issues on SL HARQ-ACK feedback to gNB
It has been agreed in RAN1 #97 meeting that sidelink HARQ ACK/NACK report from transmitter UE to gNB is supported which would help gNB to scheduling retransmissions. Design details were discussed in the following meetings and big progress was made. However, due to the time limitation and workload, there are still some remaining issues are left. Therefore, in this section, we discuss the remaining issues on SL HARQ-ACK feedback to gNB including the HARQ feedback contents and multiplexing aspects.
HARQ feedback contents
It has been fully discussed in RAN1 #98b email discussions on HARQ feedback contents and the following agreements were made:
Email approval in [98b-NR-12]:
Agreements:
· For unicast: 
· TX UE reports contents received in PSFCH (i.e., ACK/NACK) to gNB. 
· TX UE reports NACK if PSFCH is not detected 
· [bookmark: _Hlk31978389]When generating the HARQ-ACK report for the transmissions corresponding to a grant, the TX UE uses the most recent PSFCH occasion (as working assumption) associated with the transmissions.
· For groupcast option 1: 
· TX UE reports ACK to the gNB if no PSFCH is detected. 
· TX UE reports NACK to the gNB if at least one PSFCH (i.e., NACK) is detected. 
· When generating the HARQ-ACK report for the transmissions corresponding to a grant, the TX UE uses the most recent PSFCH occasion (as a working assumption) associated with the transmissions. 
· FFS the cases when TX UE does not transmit/receive due to prioritization. 
· For groupcast option 2: 
· TX UE reports ACK if all expected PSFCH resources are received and carry ACK. 
· TX UE reports NACK if at least one received PSFCH resource carries NACK or if no PSFCH is detected. 
· FFS the case with PSFCHs corresponding to multiple PSCCH/PSSCH transmissions before generating the HARQ-ACK report. 
· FFS behavior when TX UE does not detect some expected PSFCH.
· FFS if no PSCCH/PSSCH is transmitted in a set of resources for configured grant. 
· FFS whether/how to deal with the case of reaching the maximum number of HARQ re-transmissions for a TB.
Below we give our preference on the FFSs and clarifications:
1) [bookmark: _Hlk23525858]For groupcast option 1, for the case when TX UE does not transmit/receive due to prioritization, NACK should be reported to gNB to request retransmission resources since that TX UE either does not transmit or has no idea whether the transmission succeeds or not.
2) For groupcast option 2:
a) for the case with PSFCHs corresponding to multiple PSCCH/PSSCH transmissions, it is similar with the multi-slot scheduling for unicast and groupcast option 1. It has been agreed that a dynamic grant provides resources for one or multiple sidelink transmissions of a single TB and PSFCH would be reserved for each transmission. However, assume that 4 transmissions are scheduled for one TB but after 2 times of transmission, transmitter receives all ACKs from receivers and early termination of PSCCH/PSSCH is expected due to the implementation of the transmitter. Therefore, the most recent PSFCH occasion for every receiver associated with the transmissions should be taken into consideration for determining the HARQ feedback content, that is:
i. TX UE reports ACK if all the most recent PSFCH occasions associated with the transmissions are received and carry ACK;
ii. TX UE reports NACK if at least one of the most recent PSFCH occasions associated with the transmissions carries NACK or if some of the most recent PSFCH occasions associated with the transmissions is not detected.
b) When TX UE does not detect some expected PSFCH, NACK is reported to gNB
3) If no PSCCH/PSSCH is transmitted in a set of resources for configured grant, ACK is reported. Considering that configured grant can be used to periodically provide a set of sidelink resources for the transmitter with or without MAC PDU to transmit, hence no PSCCH/PSSCH transmission means no TB to transmit and then ACK should be reported indicating that the UE does not require extra resources for retransmission.
4) For the case of reaching the maximum number of HARQ re-transmissions for a TB, we think that it is beneficial to make the gNB distinguish whether the maximum number of HARQ re-transmissions is reached or not, and further know whether the scheduled resources are redundant or insufficient. As a detailed solution, a specific bit could be reserved for reporting whether reaching the maximum number of HARQ re-transmissions. 
Proposal 1: For groupcast option 1, for the case when TX UE does not transmit/receive due to prioritization, NACK should be reported to gNB.
Proposal 2: For groupcast option 2:
a) for the case with PSFCHs corresponding to multiple PSCCH/PSSCH transmissions:
i. TX UE reports ACK if all the most recent PSFCH occasions associated with the transmissions are received and carry ACK;
ii. TX UE reports NACK if at least one of the most recent PSFCH occasions associated with the transmissions carries NACK or if some of the most recent PSFCH occasions associated with the transmissions is not detected.
b) When TX UE does not detect some expected PSFCH, NACK is reported to gNB
Proposal 3: If no PSCCH/PSSCH is transmitted in a set of resources for configured grant, ACK is reported.
Proposal 4: Support to deal with the case of reaching the maximum number of HARQ re-transmissions for a TB. As a detailed solution, a specific bit could be reserved for reporting whether reaching the maximum number of HARQ re-transmissions. 
Multiplexing aspects
The multiplexing issue includes reporting of multiple SL HARQ-ACKs in a single PUCCH resource and reporting of SL HARQ-ACKs with DL HARQ-ACKs in a single PUCCH resource. It was concluded in last RAN1 meeting that multiplexing of SL HARQ and Uu UCI on PUCCH or PUSCH is not supported in Rel-16 due to the workload and limited time, but reporting of multiple SL HARQ-ACKs in a single PUCCH resource is supported:
Email approval in [98b-NR-13]:
Agreements:
· NR supports reporting of multiple SL HARQ-ACKs in a single PUCCH resource. 
· The Rel-15 procedures for multiplexing DL HARQ-ACKs are reutilized.
· Reports carry SL HARQ-ACKs for dynamic grants and/or configured grants. 
· A UE does not expected to be indicated to transmit SL HARQ-ACK information for more than one SL configured grant in a same PUCCH.
· Note: A UE can be provided with multiple SL CGs with different (non-overlapping) slots for the corresponding PUCCH transmissions for SL HARQ-ACK reporting.
Conclusion:
· No support of multiplexing of SL HARQ and Uu UCI on PUCCH or PUSCH in Rel-16
· Note: this reverts the agreements made during RAN1#98b email discussion
Generally, the Rel-15 procedures for multiplexing DL HARQ-ACKs can be reutilized and both type-1 and type-2 HARQ-ACK codebook should be supported. 
[bookmark: _Hlk32258532]Accoring to TS 38.213, Rel-15 type-1 HARQ-ACK codebook in determined based on a set of slot timings K1 which indicate the PDSCH-to-HARQ-ACK timings and the configured TDRA table. Two procedures are described in terms of pseudo code to generate the codebook: the first pseudo-code determines a set of occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in PUCCH and the second pseudo code determines the specific HARQ-ACK information for each candidate PDCCH receptions. Hence, the type-1 HARQ-ACK codebook would be constructed as a table including the serving cell index and the the K1 index. Similarly, the type-1 HARQ-ACK codebook for sidelink can be generated based on the candidate PSSCH receptions which can be generated according to the PSFCH-to-PUCCH timing, PSSCH-to-PSFCH gap. The TDRA table would contain only one entry per carrier with per-BWP configured startSLsymbol and Length. However, the PDSCH scheduling cannot overlap in time domain which seems a little different from sidelink. For sidelink operation, it has not been agreed whether simutanenous PSSCH transmissions from multiple sidelink resource pools is allowed and hence whether to introduce the index for frequency domain dimentions needs to be further discussed. For each PSSCH candidate, one HARQ-ACK bit is enough.
Rel-15 type-2 HARQ-ACK codebook is constructed based on the monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release, for determination of the candidate PDCCH monitoring occasions, slot offset K0 and PDSCH-to-HARQ-ACK timing K1 are used. Moreover, DAI is used for reducing the impact of PDCCH miss detection. Similarly, type-2 HARQ-ACK codebook for sidelink can be constructed based on the monitor occasions for PDCCH with the corresponding SL dynamic grant or PDCCH releasing SL configured grant type-2, therefore, the timing of PDCCH-to-PSSCH, PSSCH-to-PSFCH and PSFCH-to-PUCCH would be used. DAI should be introduced to SL grant to further improve the reliability of SL HARQ-ACK codebook.
Another issue worth noted is that how to handle the collision issue between the PUCCH carrying DL HARQ-ACK and PUCCH carrying SL HARQ-ACK. It has been agreed that if a UE would simultaneously transmit on the UL and on the SL of a serving cell but it is not capable of simultaneous transmissions on the UL and on the SL, UE transmits only on the link, UL or SL, with the higher priority. However, currently the priority definition is based on the logical channel priority which is not appliable to PUCCH since HARQ-ACK in only visible from PHY layer. Therefore, PHY layer priority for SL HARQ-ACK should be defined similar with the two HARQ-ACK codebooks defined in URLLC WI, and in this regards, priority based transmission can be achieved.
Proposal 5: Type-1 HARQ-ACK codebook for sidelink can be generated based on the candidate PSSCH receptions which can be generated according to the PSFCH-to-PUCCH timing, PSSCH-to-PSFCH gap. Whether to introduce the index for frequency domain should be based on whether simultaneous PSSCH transmissions is allowed.
Proposal 6: Type-2 HARQ-ACK codebook for sidelink can be constructed based on the monitor occasions for PDCCH with the corresponding SL dynamic grant or PDCCH releasing SL configured grant type-2 according to the timing of PDCCH-to-PSSCH, PSSCH-to-PSFCH and PSFCH-to-PUCCH.  DAI should be contained in SL grant.
Proposal 7: PHY layer priority should be defined for PUCCH carrying SL HARQ-ACK.
3 Remaining issues on mode-1 configured grant
It has been agreed in the previous RAN1 meetings that a configured grant including both type 1 and type 2 can provide a set of resources in a periodic manner for multiple sidelink transmissions and UE decides which TB to transmit in each of the occasions indicated by a given configured grant. That means transmitter is responsible for determining what to retransmit in the assigned periodic set of resources and it can transmit one or multiple TBs, to one or multiple receivers. In addition, in RAN1 #98bis meeting, it was agreed for configured grant in Mode 1, there is only one HARQ-ACK bit for the configured grant which appears after the last resource in the set of resources meaning that UE needs to bundle the received PSFCHs to report HARQ-ACK to gNB. According to the agreements reached last meeting, gNB could use dynamic grant including HARQ ID and NDI to provide additional resources for retransmission upon receiving a SL NACK report. However, there lies some problems in this procedure such as the HARQ ID determination for configured grant and how can transmitter to identify the corresponding TB/sidelink process for retransmission.
Agreements:
· A dynamic grant provides resources for one or multiple sidelink transmissions of a single TB.
· [bookmark: _Hlk32328635]A configured grant (type-1, type-2) provides a set of resources in a periodic manner for multiple sidelink transmissions.
· UE decides which TB to transmit in each of the occasions indicated by a given configured grant.
· FFS: whether different transmissions of a TB can take place across multiple configured grants.
· Other restrictions on what can be transmitted in a given configured grant (e.g., based on QoS, destination UE, etc.) are up to RAN2.
Agreements: 
· For a configured grant in Mode 1 when using SL HARQ feedback:
· There is only one HARQ-ACK bit for the configured grant
· There is one PUCCH transmission occasion after the last resource in the set of resources provided by a configured grant.
Agreements:
· For dynamic grant, DCI contains HARQ ID and NDI.
Agreements:
· To provide additional resources for retransmission upon receiving a SL NACK report, a dynamic grant is used.
· When the initial transmission of a TB is scheduled by a dynamic grant, the CRC of the DCI carrying the dynamic grant is scrambled using the SL RNTI introduced for DCI for a dynamic grant.
· The interpretation of NDI is the same as for Uu for retransmission scheduled by DCI with CRC scrambled by C-RNTI
· When the initial transmission of a TB is scheduled by a configured grant (type-1 or type-2), the CRC of the DCI carrying the dynamic grant is scrambled using the SL RNTI introduced for DCI for a configured grant type-2.
· For interpretation of NDI, the Uu behavior for retransmission scheduled by DCI with CRC scrambled by CS-RNTI is reused.
· (working assumption) The HARQ ID is used to identify the TB for which resources for retransmission are provided (subject to the indication of re-transmission via NDI)
For uplink and downlink transmissions, each HARQ process is associated with a HARQ process identifier and can support one TB which means in a certain period of time the HARQ ID and TB is one-to-one correspondence. For configured uplink grants, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
where CURRENT_symbol=(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot. 
Therefore, the HARQ process ID for configured uplink grants is determined by the time domain location.
[bookmark: _Hlk32328175][bookmark: _Hlk32073261]As mentioned above, for configured sidelink grant, UE decides which TB to transmit in each of the occasions indicated by a configured grant without the control of gNB and hence gNB would have no idea which sidelink process/TB is being delivered in the assigned resource. Therefore, the concept of HARQ ID contained in the dynamic SL grant and for the configured sidelink grant is different from that of Uu and is not equal to sidelink process ID. To our perspective, the HARQ ID is used to identify some PSCCH/PSSCH resources and further the sidelink process(es) related to the PSCCH/PSSCH resources. Based on the above considerations, it is preferred the HARQ ID for configured sidelink grant can be determined in a similar way as the configured uplink grant, that is, the HARQ ID associated with the first symbol of a SL transmission is derived from the following equation where the definition of CURRENT_symbol is the same with configured uplink grant and nrofHARQ-Processes is the maximum supported SL HARQ processes.
HARQ ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
[bookmark: _Hlk32073439][bookmark: _Hlk32073498][bookmark: _Hlk32329043]Moreover, it is worth to be noted that only 1 bit HARQ-ACK is reported to gNB for configured sidelink grant but more than one SL TBs may be transmitted, hence gNB would have no idea about which TB(s) is not correctly received and when transmitter receives the dynamic grant for retransmissions, it does not know which TB/sidelink process should be retransmitted. In our view, UE is only allowed to retransmit the TBs/sidelink processes associated with the PSCCH/PSSCH resources identified by the HARQ ID and the received PSFCHs corresponding to the sidelink transmissions in PSCCH/PSSCH resources and PSSCH priorities should be considered when determining which TB to retransmit on the retransmission resources assigned by gNB. 
[bookmark: _Hlk32329102]Another issue needs to be clarified is that whether multiple TBs can be transmitted in the set of resources scheduled by dynamic grant for retransmissions. Considering the following example, transmitter is assigned a set of resources in a periodic manner by gNB and it transmits multiple TBs in the set of occasions given by the configured grant. More than one TB are not correctly received and 1-bit NACK is reported to gNB after the last resource of the set of resources. gNB scheduled retransmissions via dynamic grant and whether transmitter can transmit more than one TB which are not correctly received needs further discussion and clarification. 
Proposal 8: For configured sidelink grants, the HARQ ID associated with the first symbol of a SL transmission is derived from the following equation where the definition of CURRENT_symbol is the same with configured uplink grant
HARQ ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
Proposal 9: HARQ ID is used to identify PSCCH/PSSCH resources and further the sidelink process(es) related to the PSCCH/PSSCH resources.
Proposal 10: For retransmission of configured sidelink grant, UE decides which TB/sidelink process to retransmit on the retransmission resources assigned by gNB among the TBs/sidelink processes associated with the PSCCH/PSSCH resources identified by the HARQ ID. The received PSFCHs corresponding to the sidelink transmissions in PSCCH/PSSCH resources and PSSCH priorities should be considered by UE for deciding which TB/sidelink process to retransmit. 
Proposal 11: Whether multiple TBs can be retransmitted in the set of resources scheduled by dynamic grant for retransmissions needs further discussion and clarification.
4 Conclusion
In this contribution, we further discussed the remaining issues on mode-1 resource allocation for NR sidelink, and the following proposals are made:
Proposal 1: For groupcast option 1, for the case when TX UE does not transmit/receive due to prioritization, NACK should be reported to gNB.
Proposal 2: For groupcast option 2:
a) for the case with PSFCHs corresponding to multiple PSCCH/PSSCH transmissions:
i. TX UE reports ACK if all the most recent PSFCH occasions associated with the transmissions are received and carry ACK;
ii. TX UE reports NACK if at least one of the most recent PSFCH occasions associated with the transmissions carries NACK or if some of the most recent PSFCH occasions associated with the transmissions is not detected.
b) When TX UE does not detect some expected PSFCH, NACK is reported to gNB
Proposal 3: If no PSCCH/PSSCH is transmitted in a set of resources for configured grant, ACK is reported.
Proposal 4: Support to deal with the case of reaching the maximum number of HARQ re-transmissions for a TB. As a detailed solution, a specific bit could be reserved for reporting whether reaching the maximum number of HARQ re-transmissions. 
Proposal 5: Type-1 HARQ-ACK codebook for sidelink can be generated based on the candidate PSSCH receptions which can be generated according to the PSFCH-to-PUCCH timing, PSSCH-to-PSFCH gap. Whether to introduce the index for frequency domain should be based on whether simultaneous PSSCH transmissions is allowed.
Proposal 6: Type-2 HARQ-ACK codebook for sidelink can be constructed based on the monitor occasions for PDCCH with the corresponding SL dynamic grant or PDCCH releasing SL configured grant type-2 according to the timing of PDCCH-to-PSSCH, PSSCH-to-PSFCH and PSFCH-to-PUCCH.  DAI should be contained in SL grant.
Proposal 7: PHY layer priority should be defined for PUCCH carrying SL HARQ-ACK.
Proposal 8: For configured sidelink grants, the HARQ ID associated with the first symbol of a SL transmission is derived from the following equation where the definition of CURRENT_symbol is the same with configured uplink grant
HARQ ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
Proposal 9: HARQ ID is used to identify PSCCH/PSSCH resources and further the sidelink process(es) related to the PSCCH/PSSCH resources.
Proposal 10: For retransmission of configured sidelink grant, UE decides which TB/sidelink process to retransmit on the retransmission resources assigned by gNB among the TBs/sidelink processes associated with the PSCCH/PSSCH resources identified by the HARQ ID. The received PSFCHs corresponding to the sidelink transmissions in PSCCH/PSSCH resources and PSSCH priorities should be considered by UE for deciding which TB/sidelink process to retransmit. 
Proposal 11: Whether multiple TBs can be retransmitted in the set of resources scheduled by dynamic grant for retransmissions needs further discussion and clarification.
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